Vision is our principal guide for everyday behavior. Our experience of the visual world is marvelously integrated and detailed. This visual world emerges from the interactions of millions of neurons within the visual cortex. The complexity of the processing underlying the construction of our visual world has fascinated scientists and prompted them to analyze how this occurs.
Vision actually begins in the external world. Visible light rays enter through the eye and are focused on the retina at the back of the eye. The retina transforms or transduces that light into electrical signals, which are then sent through a complex pathway to the visual cortex (rather counterintuitively located all the way at the back of the brain). The visual cortex, the primary vision center of the brain, then distributes the "image" to higher-order areas in the parietal and temporal lobes. As has been indicated in other articles, the cerebral cortex is the organ of cognition par excellence in humans and other mammals. Visual processing actually occupies a large expanse of the cortex, at least half in the monkey and about a third in humans.
VISUAL PERCEPTION
Vision itself does not happen in the eye; a patient with intact eyes but a damaged visual cortex does not see. To oversimplify greatly, the eye takes a picture of the outside world and sends that coded picture to the brain. The neural processes perform the intelligent part of vision, or the perception. For example, when we look into the visible world and recognize a face or perhaps a picture of Yosemite Falls, it is the very complex "what" and "where" inside of the brain that are in actuality interpreting the visual scene and making sense of it. Vision, its perception, and its interpretation occur in the brain. Ultimately, if scientists wish to discover how it works, how it goes awry in disease, and ultimately how to build machines that can mimic intelligent vision, then they need to know how it is that these millions of neurons interact to make vision possible.
The cerebral cortex is a thick band of neurons arranged in layers on the outside part of the brain. The layer follows the contours of the deep folds or fissures and has a large surface area. Under each square millimeter lie about 100,000 neurons. Here vision occurs, as do other visually based cognitive events such as visual attention, short-term visual memory, and visually based decision making. The cells of the cortex demonstrate the complexity of this system. But, this picture can be deceiving. It seems to depict a picture that is static and ordered, when in actuality it is a seething mass of electrical activity that changes from moment to moment. It is from that mass of activity that vision somehow arises.
THE ELECTRICAL CODING OF VISION
To comprehend the neural basis of vision and how vision works in the brain, the complex electrical activity must be monitored to understand its logic. Learning about the brain at this level cannot be done efficiently with imaging techniques. Imaging yields discoveries of which parts of the brain are involved in certain functions. However, it simply cannot resolve the electrical activity at the microscopic scale needed to comprehend vision. To do this we use electrophysiological techniques where the signals of individual (groups of) neurons are examined and experimentally explored.
Experiments with animal models, specifically monkeys, have been fruitful in elucidating more about the functioning brain in vision. These animals can be trained to perform certain visual tasks, during which the electrical activity occurring in their brain can be recorded from individual groups of cells using thin electrodes. Not all cells respond in the same way.
